The study of planetary nebulae in the inner-disk and bulge gives important information on the chemical abundances of elements such as He, N, O, Ar, Ne, and on the evolution of these abundances, which is associated with the evolution of intermediate-mass stars and the chemical evolution of the Galaxy.
INTRODUCTION
The bulge of the Galaxy shows a large metallicity dispersion. The study of the metallicity distribution from K giants, as done by Rich (1988) , shows values from 0.1 to 10 Z ⊙ . More recently, Rich & Origlia (2005) find an α-enhancement at the level of +0.3 dex relative to the solar composition stars for 14 M giants and within a narrow metallicity range around [Fe/H] = −0.2. Zoccali et al. (2006) and Lecureur et al. (2007) find that bulge stars have larger values of [O/Fe] and [Mg/Fe] when compared to thin and thick disk stars. This is the signature of a chemical enrichment by massive stars, progenitors of type II supernovae, with little or no contribution from type Ia supernovae, showing a shorter formation timescale for the bulge than both thin and thick disks.
In this context, planetary nebulae (PNe) are an important tool for the study of the chemical evolution of galaxies. The understanding of this stage of stellar evolution allows us to grasp how the Galaxy originated and developed. As an intermediate mass star evolution product, PNe offer the possibility of studying both elements produced in low and intermediate mass stars, such as helium and nitrogen, and also elements which result from the nucleosynthesis of large mass stars, such as oxygen, sulfur and neon, which are present in the interstellar medium at formation epoch of the PNe stellar progenitor. the accuracy of the new abundances. This paper is organized as follows: in § 2 the details of the observations and data reduction procedures are presented. In § 3 we describe the process of determination of chemical abundances and the new abundances are listed. In § 4, a comparison is made between the abundances obtained in this work and those taken from the literature. Finally, in § 5 the main conclusions are presented.
OBSERVATIONS AND DATA REDUCTION

Observations
The observations were made at the 1.60 m telescope of the National Laboratory for Astrophysics (LNA, Brazil) during 2006 and 2007, according to the log of observations shown by table 1. In this table, column 1 displays the PN G designation, column 2 the usual name, columns 3 and 4 the equatorial coordinates for epoch 2000, column 5 the date of observation, and column 6 the exposure time in seconds. A Cassegrain Boller & Chivens spectrograph was used with a 300 l/mm grid, which provides a reciprocal dispersion of 0.2 nm/pixel. For all program objects, a long slit of 1.5 arcsec width was used. Each night at least three spectrophotometric standard stars were observed to improve the flux calibration. These stars were observed with a long slit of 7.5 arcsec width, allowing a more precise flux calibration.
The sample was selected from the Strasbourg -ESO catalogue of galactic planetary nebulae (Acker et al. 1992) , based on three criteria: galactic coordinates within the range |ℓ| ≤ 25
• and |b| ≤ 10 • , 5 GHz flux below 100 mJy, and optical diameter lower than 12 arcsec. The galactic coordinates were used to take into account only the PNe which are in the galactic center direction. The combination of the other two criteria leads to the rejection of about 90-95% of the PNe which are in the galactic center direction, but have heliocentric distances lower than 4 kpc (cf. Stasińska et al. 1998) . These criteria are commonly used by other authors to select bulge PNe (e.g. Exter et al. 2004 and Chiappini et al. 2009 ). Hence most of the objects selected in this work should be at or near the bulge. Figure 1 displays the distribution of the sample with respect to the galactic bulge. The figure also shows the distribution for the objects selected from the literature (see § 4 for more details). As can be seen, the selected objects are in the direction of the galactic bulge, whose contours are displayed using the image from the 2.2 µm COBE/DIRBE satellite plot (Weiland et al. 1994) . Furthermore, the sample objects spread over the entire region of the galactic bulge, avoiding tendencies in the chemical abundances analysis introduced by partial coverage of the bulge, as found by Escudero & Costa (2001) . They showed that objects located in a region with galactic latitude larger than 5 degrees display lower abundances when compared with other works in the literature such as Ratag et al. (1997) , Cuisinier et al. (2000) , and Stasińska et al. (1998) , whose samples were located elsewhere. Data reduction was performed using the IRAF package, following the standard procedure for long slit spectra: correction of bias, flat-field, extraction, wavelength and flux calibration. Atmospheric extinction was corrected through mean coefficients derived for the LNA observatory. Table 2 2 displays the line fluxes in a scale where F(Hβ) = 100, with reddening correction. A typical spectrum can be seen in figure 2, for the planetary nebula Pe 1-15. 
Interstellar extinction
As pointed out by Escudero et al. (2004) , the application of the extinction curve of Fitzpatrick (1999) has produced better results than the curve of Cardelli et al. (1989) for the interstellar extinction correction. Therefore we chose the former to correct the interstellar extinction, deriving E(B-V) from the observed Balmer ratio Hα/Hβ and adopting the theoretical value Hα/Hβ = 2.85, with R V = 3.1. This extinction curve is given by a sevendegree polynomial equation as follows:
DETERMINATION OF CHEMICAL ABUNDANCES
Physical parameters
The physical parameters -electron densities and electron temperatureswere derived from optical emission lines. The electron density was determined from the sulfur line ratio [S II] λ671.6/λ673.1 nm. For the electron temperature, we used both [O III] λ436.3/λ500.7 nm, and [N II] λ575.5/λ654.8 nm line ratios, which gives two temperature zones: one for the low potential lines, and the other for high potential lines. Table 3 shows the physical parameters obtained for the observed PNe. Column 1 lists the PN G number, columns 2 and 3 the interstellar extinction E(B-V) with uncertainties (described in § 3.3), columns 4-5 the electron density from [S II] in 10 3 cm −3 , and columns 6-7 and 8-9 the electron temperatures from [N II] and [O III], respectively, in units of 10 4 K with uncertainties. Column 10 refers to the method used to obtain the electronic temperatures (see §3.3 for more details).
For PN G004.2-0.59 the [O III] flux ratio resulted in a very high electron temperature, not typical for a planetary nebula. However, it is interesting to note that this ratio is very similar to that derived from the data of Exter et al. (2004) , what indicates that intrinsic properties of this nebula such as large density variations or the presence of shocked material could lead to an unusual flux ratio of the [OIII] lines, making them inappropriate to derive electron temperatures. Additionally, this object does not have the [NII] 5755 line, what makes impossible to obtain T([NII]). Spectra with better S/N as well as high quality, high resolution direct pictures of this object would be helpful to establish its nature. In view of this situation, we decided to keep the fluxes for this object but, since we cannot derive electron temperature, it is not included in the abundance analysis.
Ionic and elemental abundances
Ionic abundances were calculated from the fits by Alexander & Balick (1997) , who provide convenient empirical relations for the determination of ionic abundances, obtained from numerical simulations. Ionic abundances for He + and He ++ were derived using the recombination coefficients from Pequignot et al. (1991) . The He + abundance was also corrected of collisional effects using the correction terms from Kingdon & Ferland (1995) . For the derivation of the O + abundance we chose the red pair of lines λ731.9 + 2.9 nm, since they have better signal-to-noise in our spectra than the blue pair λ372.7 + 2.9 nm counterpart, due to the greater efficiency of the instrumental set in the red region. Besides that, as discussed by Escudero et al. (2004) , there is a small difference between both determinations, with a tendency for smaller abundances when the blue lines are used. However, such difference is not larger than the errors involved in the determination of the abundances, so that we expect no measurable differences in the final oxygen abundance when using the red lines instead of the blue ones. For those objects where S ++ lines were not available we adopted the same technique used by Kingsburgh & Barlow (1994) and Escudero et al. (2004) Chemical abundances were calculated by means of ionization correction factors (ICFs), to account for unobserved ions of each element. The ICFs used were the same as those adopted by Escudero et al. (2004) , and were obtained from Kingsburgh & Barlow (1994) for nitrogen, sulfur, and neon abundances; from Torres- Peimbert & Peimbert (1977) for the oxygen abundance; and from de Freitas Pacheco et al. (1993) for argon.
For helium in particular, we have the abundances of the ions He + and He ++ . In agreement with the criterion defined by Torres- Peimbert & Peimbert (1977) , there is no essential contribution from neutral helium in the total helium abundance when log O
and therefore this component can be neglected. In this case, the helium total abundance can be written as Table 5 shows the chemical abundances and uncertainties obtained in this work in the notation ǫ(X) = log(X/H) + 12, where X denotes N, S, O, Ar, and Ne. For He, the He/H is given instead. When the condition expressed by equation 2 is not satisfied, a ⋆ symbol is displayed in front of the PN G number. In these cases, the helium abundances are lower limits for the total helium abundances and must be considered carefully. In some cases, the method used to calculate the errors and mean abundances (see section 3.3) did not converge, and the abundances and errors were replaced by the mean and the standard deviation obtained from the independent measures for each object. These abundances are indicated with an * in table 5.
Errors
In order to determine errors in the physical parameters and abundances, gaussian noise was added to the observed spectra by means of a Monte Carlo simulation, where each line flux was varied randomly 500 times within its respective error interval. These error intervals were estimated from a relation between the errors in fluxes and fluxes that were obtained from a linear fit in the data as shown in Figure 3 . In this figure, the horizontal axis shows the mean reddened fluxes for each line of each object and the vertical axis shows the errors in line fluxes, which are the standard deviations calculated from the independent line flux measurements for each object. 
The colour excesses were also varied randomly within their error interval, which were estimated from the standard deviation calculated for each measure. Final abundances and electron temperatures were adopted as the peak of a gaussian fit to the histogram of the 500 random generated values and the errors were adopted as half of the FWHM of the gaussian profile fitted to each histogram, except for densities, whose value distribution is not gaussian.
Densities and errors were estimated from the mean and standard deviation calculated for the different measurements of each object, respectively.
Average errors for the whole sample of abundances are shown in table 6, where the columns indicate the chemical element and the error associated with it. These errors were obtained from the mean of the standard deviations of the chemical abundances for each element. We have to stress the fact that these errors take into account only the influence of line flux uncertainties in the chemical abundances. The major source of errors in our determination of chemical abundances is due to uncertainties in the ICFs, hence the errors derived here only measure the dispersion of the observational data. 
RESULTS
In order to check the consistency of the data presented in this work, as given in table 5, we analysed some statistical properties of the sample and compared it with chemical abundances taken from the literature. We searched for chemical abundances of PNe located in the bulge and inner-disk of the Galaxy in the following works: Ratag et al. (1997) , hereafter RPDM97; Exter et al. (2004) , hereafter EBW04; Górny et al. (2004) , hereafter GSEC04; and Escudero et al. (2004) , hereafter ECM04. All these works have the same region of interest, and, besides that, they have significant and homogeneous samples.
RPDM97 derived abundances for a sample of 45 bulge PNe based on theoretical photoionization models used to account for individual ICF for each PN. They also reanalysed the data for 50 bulge PNe previously published.
EBW04 published chemical abundances for 45 bulge PNe using the empirical method, as in this work. They use ICFs from Kingsburgh & Barlow (1994) .
ECM04 observed 57 bulge PNe using the empirical method to derive the abundances. They adopted the blue line pair to derive the O + abundance.
The ICFs used by them are as in the present work. GSEC04 observed 44 PNe towards the bulge and the abundances were derived using the empirical method. Since helium and nitrogen abundances are modified by the evolution of intermediate mass stars (IMS), the histograms in figures 4 and 5 show the results of this evolution coupled to the chemical evolution of the Galaxy. For helium in particular, the histogram shows a wide distribution, which results from the mass and age ranges of the progenitor stars that originate the PNe. This behaviour is seen both in our data as well as in data from the literature. It is important to note the good agreement between the data from different authors and the present work as shown by these histograms. In agreement with theories of stellar evolution and nucleosynthesis (Lattanzio & Forestini 1999), we do not expect significant changes in the abundances of the α-elements (O, S, Ar, Ne), so that these abundances reflect the abundances of the interstellar medium at the progenitor formation epoch, indicating the chemical evolution of the Galaxy.
The histograms for oxygen, sulfur, argon, and neon, are displayed in figures 6, 7, 8, and 9, respectively. In figure 6, oxygen shows a systematic lower abundance than the data from the literature by approximately 0.2 dex, which is larger than the expected errors for the oxygen abundance obtained in this work. However, the bulge is formed by different populations, mostly by stars with ages 10 ± 2.5 Gyr (Zoccali et al. 2003) . On the other hand, there are evidences for an younger population formed by OH/IR stars, AGB variables, etc, that appear to be set in the galactic plane (van Loon et al. 2003) . Such age distribution results in a wide abundance distribution for oxygen and α-elements in general. It can be seen that there is a significant number of PNe in the range 8 to 9 dex, showing that the progenitor stars of the bulge PNe were formed in different epochs, suggesting a scenario where the bulge was formed in a diversity of epochs, as discussed by . For sulfur, argon and neon (figures 7, 8 and 9, respectively) the distributions of the abundances are very similar to the data from the literature, in the sense that they are very wide, and the peaks of the distributions match each other. It is worth to note that the distributions of argon are bimodal for RPDM97 and ECM04 data. 
Comparison of individual abundances
In this work, 21 out of 54 objects have their abundances already published in the literature. The remaining 33 objects have their abundances published for the first time. Table 7 shows a comparison between our data (left column for each element) and data from the literature (right column for each element). The references are shown in the last column, where the abbreviations denote CKA96 (Cuisinier et al. 1996) , GKA07 (Girard et al. 2007 ), P91 (Perinotto 1991) , CGSB09 ), PMS04 (Perinotto et al. 2004 ), WL07 (Wang & Liu 2007) . P91 compiled a catalogue of chemical abundances for 209 PNe, taken from the literature. CAK96 gives chemical abundances for 62 PNe derived by the same empirical method as used in this work but the ICFs are from their own model, except for N, S and Ne, whose ICFs are from Kingsburgh & Barlow (1994) , as in this work. GKA07 analyse chemical properties for 48 PNe around central stars of spectral types [WC] , [WO] . The ICFs are from Aller (1984) which, except for argon, are the same we used. Recently CGSB09 published chemical abundances for 245 objects belonging to the bulge and inner disk of the Galaxy, from which 90 PNe were observed with 4m-class telescopes by Górny et al. (2009) , and the remain have their chemical abundances recalculated from an empirical method described in Górny et al. (2009) . They have the advantage over our observations the size of the telescope, but have as disadvantage the fact that some spectra were derredened by using the ratio Hα/Hγ instead of the usual ratio Hα/Hβ. This can introduce errors in the derredened fluxes, which are propagated to the chemical abundances. PMS04 did a reanalysis of all chemical abundances published so far in a very homogeneous way. The ICFs used are as in the present work, but the extinction curve used is from Mathis (1990) , while here we made use of those from Fitzpatrick (1999) . Finally, WL07 give chemical abundances for 25 galactic bulge PNe and 6 from the galactic disk determined from both collisional excitation lines and optical recombination lines, by solving level populations of the emitting ions. The ICFs are the same as adopted in Wesson et al. (2005) , which for S and Ne are the same as used in this work.
In order to verify the dispersion of the results, we computed the difference between the abundances obtained in this work and those from the literature. The helium abundances from this work differ of the abundances from literature by 0.01, which is lower than our error estimate for the helium abundances of this work. For the other elements, the differences are 0.16, 0.21, 0.14, 0.24, and 0.21 dex, for N, S, O, Ar, and Ne, respectively. These differences are similar to the errors estimated for these abundances, and are the result of the differences between the methods employed to obtain the chemical abundances, such as ICFs, as well as the errors associated to different observation and reduction processes. In particular, we can compare our data to those from CGSB09 directly, since there are enough objects in common between the two samples. Figures 10 and 11 show a comparison between abundances from this work and CGSB09 for helium. Abundances from CGBS09 display a systematic tendency to higher values compared to our data. Nonetheless the difference is not superior to the expected errors for the abundances. 
Abundance correlations
Correlations between the chemical abundances for the different elements are an important tool to understand the evolution of the central stars of PN (CSPN). In particular, the correlations between elements not produced by the progenitor stars give important information about the nucleosynthesis of massive stars and the formation and evolution of the Galaxy, as described by Ballero et al. (2007) .
In figure 12 we show the correlation between log(N/O) and He/H for our data and from the works previously mentioned. As discussed earlier, helium and nitrogen abundances are modified during the evolution of the progenitor star, and PNe with high abundances of helium and nitrogen are originated from massive stars, so that the correlation between these elements must be positive. From figure 12 it can be seen that the correlation between log(N/O) and helium is positive, although there is no tight correlation between these quantities. Indeed, excluding the helium abundances lower than 0.050, which are not realistic, and probably indicate the presence of neutral helium in these nebulae, the linear Pearson correlation coefficient of our data is 0.47, showing a small correlation. The whole sample, which consists of literature and our data, shows a correlation coefficient 23% lower compared with our data. It is important to note that both ours and literature data show a large spread in this correlation, which is probably related to distinct efficiencies in the mixing episodes occurring along the evolution for stars with different masses. It is expected that nitrogen enhancement would not be so high in non-type I PNe, which represents 80 % of the PNe population in the Galaxy (Peimbert & Serrano 1980) . In figure 12 it is possible to see that most objects show a low N/O ratio, except for a small number of PNe with log(N/O) ratio close to 0.5. These PNe could be originated from massive stars, pointing to a recent star formation. Cuisinier et al. (2000) showed that bulge PNe have lower N/O ratio compared with disk PNe. Therefore, those PNe with high N/O ratio could be located in the transition between the disk and bulge. figure 12 . Since these elements are produced by the same process, and their abundances do not change significantly in IMS, a positive correlation is expected between the sulfur, argon, neon and oxygen abundances in PNe. In these figures positive correlations are observed, with linear correlation coefficients of 0.60, 0.68, and 0.78 for sulfur, argon, and neon, respectively. These correlations indicate a medium to large correlation. Concerning our data, excluding the helium abundances lower than 0.050 since they are not realistic, as discussed before, the slope and the yintercept of a bisector method for the correlation between sulfur, argon, and neon with oxygen are, in this order, 1.2 ± 0.2 and (−0.3 ± 0.1) × 10, 1.3 ± 0.2 and (−0.4 ± 0.1) × 10, 0.9 ± 0.1 and (−0.0 ± 0.1) × 10. These slopes differ from the whole sample by -4%, 20%, and -15% for sulfur, argon, and neon, respectively. From these results we can see that a linear correlation between the α-elements with oxygen with a slope close to unity is a good approximation. The linear correlations between α-elements and oxygen seen throughout this section suggest that these elements are in lockstep in PNe, so that modifications (if any) during the evolution of the progenitor star are small. Again, there is a generally good agreement between our new abundances and those from the literature. 
SUMMARY AND CONCLUSION
In summary, this work reports an important result concerning PNe and the chemical evolution of the Galaxy. We present the analysis of chemical abundances of a PNe sample located towards the galactic bulge. New chemical abundances were derived through spectrophotometric observations made at the 1.60 m telescope of the LNABrazil, comprising the elements He, N, S, O, Ar, and Ne. 54 PNe were considered, among which 33 objects have their abundances derived for the first time. A comparison between the chemical abundances from this work and abundances obtained from the literature was performed. The analysis shows that the distributions of abundances are similar but not identical. Some objects of this work are listed in other investigations and a direct comparison between these abundances shows that the differences are of the order of 0.2 dex, indicating that the distinct methods used to derive the abundances are the main source of this difference. With the present results, we intend to enlarge the number of planetary nebulae with accurate chemical abundances, providing a large and homogeneous set of chemical abundances, contributing to the understanding of this stage of star evolution as well as the study of the chemical evolution of the inner Galaxy. ⋆ There is a substantial contribution of neutral helium not taken into account.
